Abstract-Bioclimatic buildings utilize natural sources to meet their energy requirements for heating, cooling, and lighting purposes, whereas conventional buildings utilize fossil fuels. The objective of this study is to propose solutions to ensure comfort conditions for users by taking advantage of the bioclimatic architecture, which could serve as a solution to the energy shortage problem. In this context, 40 bioclimatic buildings located in Greece were analyzed. These bioclimatic buildings were classified according to their climatic zones, functions, parameters pertaining to the physical and built environment, and the passive methods used for heating, cooling, and lighting.
and transparent components between the interior and the exterior environment, ensuring protection against undesirable external effects while benefiting from their useful aspects.
In her study, Kartal compared the rates of energy gained by a sample building through various elements of solar architecture, such as a greenhouse, a Trombe wall, and a transparently insulated wall in varying degree-day regions. She used the "Unutilizability Energy Method" in her study [9] . Mantziou examined the applications in bioclimatically designed residential and public buildings in Greece [10] . Tompazis studied the passive systems and the design criteria used in bioclimatic architecture in his own designs, as well as in other designs throughout the world [11] . Zafeiropoulos addressed the parameters that influence bioclimatic architecture [6] . He also explained the methods for utilization of renewable energy sources in bioclimatic architecture with several examples of bioclimatic buildings located in Greece and throughout the world. In his study, Axarli compared the amount of annual energy consumption of houses in Greece with that of EU countries and non-EU Eastern European countries [1] . He also defined the methods that are used in bioclimatic architecture for the purpose of solving the energy shortage problem, and the parameters that influence comfort conditions [1] . In his thesis, Tzika addressed the building energy-efficiency policies of Greece and European Countries while defining the active systems used for heating, cooling, and lighting within the scope of bioclimatic architecture and conducting an economic analysis of the same [12] . The author calculated the annual energy consumption and cost for a sample building in Greece according to four climate zones.
II. PARAMETERS THAT AFFECT BIOCLIMATIC ARCHITECTURE
The physical and built environmental parameters of the region where the building is located are as important as "the renewable energy gain systems" used in buildings. Physical environmental parameters refer to the climate, topographic structure, and vegetation of the region where the building is located. Built environmental parameters refer to factors that are generally determined during the design phase, "such as the location of the building on the land" its orientation with respect to the sun, interaction with other buildings, building envelope and insulation characteristics, building openings, and space organization. Bioclimatic architecture involves the utilization of renewable energy sources in an evaluation of these parameters [13] .
Methods for the utilization of renewable energy sources in bioclimatic architecture can be classified as active, passive, and mixed (active + passive Such systems involve usage of passive systems combined with active equipment [13] . The majority of methods for the utilization of renewable energy sources in bioclimatic architecture are based on solar, wind, geothermal, and biomass energy sources, and they are used for heating, cooling, and lighting purposes. Heating energy gain leads to energy conservation through reducing energy consumption by appropriately positioning the designed space with respect to the sun, so as to allow for the utilization of solar heat. In the northern hemisphere, the southern direction is of particular importance for heating the designed space during the winter, and also for providing protection from the sun light during the summer. Taking this into account, methods such as south openings, roof openings, sun walls (Trombe wall + water wall + transparently insulated wall), greenhouse, roof pool, thermosiphon systems (continuous circulation loop), and double enveloping may be implemented for the building envelope [13] .
To achieve comfort conditions, cooling of buildings is just as important as heating. The primary aim of cooling is to protect the building from exterior temperature while the polluted inside air is replaced with the clean outside air. Different methods, namely ventilation, radiation, evaporation, and soil cooling, can be used to achieve this goal [13] .
As for lighting energy, the buildings generally utilize daylight by means of windows and other openings. However, these openings may not always be sufficient based on the size and depth of the relevant space. As one moves further away from the windows or openings, the influence of the daylight diminishes and becomes insufficient. In such cases, passive methods may also be utilized as an alternative to active methods in order to enhance the effect of daylight. Systems that passively utilize solar energy for the purpose of lighting spaces are also available. These methods, which are becoming more widely used every day, illuminate spaces that cannot benefit from natural lighting by directing, reflecting, or transferring daylight. Examples include light shelves, light shutters, light tubes, heliostat, prismatic systems, and special glasses (photochromic, thermochromic, electrochromic, gasochromic, liquid crystal glasses) [13] .
III. METHODOLOGY OF THE STUDY
First of all, a climate zone was selected in order to determine its potential for bioclimatic architecture. The bioclimatic architectural buildings in this climate zone were examined in terms of physical and built environmental data. The distribution of these buildings according to their functions was studied. Renewable energy sources that were used within the bioclimatic architecture, as well as the utilization ratios of passive methods for heating, cooling, and lighting through such sources, were determined.
IV. THE CLIMATE ZONE OF THE STUDY
Greece is located at latitudes of 34-42 o North. The country's northern regions are influenced by the climate conditions of southeast Europe, while its southern regions are influenced by the Mediterranean climate [14] . Greece has a climate that is mild and humid during the winters, and hot and dry during the summers. The country enjoys sunny days most of the year, without any clouding for fairly long periods of time. Although Greece's climate remains within the boundaries of the Mediterranean climate, different areas of the country have different climates. The variation in Greece's climate is attributed to the topographic structure of the country, with varying altitudes (mountain ranges that stretch along the entire country) and land-sea variation. Different regions with different altitudes, different distances to the sea, and different insolation rates lead to varying climates within the country. Therefore, Greece's climate can be divided into four climatic regions: Highland Greece, Northern Greece, the Ionian, and the Aegean (Fig. 1) [15] . 
V. RESULTS OF THE STUDY
The distribution of bioclimatic buildings according to the climatic regions in Greece was found to be as follows: 27 buildings in the Aegean Region, 7 buildings in Northern Greece, 5 buildings in Highland Greece, and 1 building in the Ionian Region (Fig. 2) . When the distribution of these bioclimatic buildings according to their functions was examined, it was found that 21 of these buildings were used as residential buildings, 5 were used as office buildings, 11 were used as public buildings, and 3 were used as commercial buildings (Fig. 3) . An evaluation of these buildings in terms of physical and built environmental parameters revealed that topographic factors were considered in 9 of these buildings, climatic factors were considered in 40, vegetation was considered in 18, building location was considered in 11, building orientation was considered in 34, building form was considered in 20, building openings were considered in 2, envelope and insulation were considered in 40, space organization was considered in 28, material selection was considered in 19, and ventilation system was considered in 40 buildings (Fig. 4) . Bioclimatic architecture allows for the utilization of solar energy, wind energy, geothermal energy, and biomass energy through active methods. An examination of these buildings in terms of active utilization of renewable energy sources revealed that 12 of these buildings actively utilized solar energy, 3 of them actively utilized geothermal energy, and 14 actively utilized biomass energy. It was found that none of the buildings actively utilized wind energy (Fig. 5) . The examined buildings were evaluated in terms of the utilization ratios of passive methods for heating, cooling, and lighting. It was found that 39 buildings had opening towards south, 27 had roof openings, 7 had sun walls, 11 had greenhouses, 4 had thermosiphon systems, 2 had transparent insulation, and 2 had double envelope system implemented as a passive method for heating (Fig. 6 ). It was found that 40 buildings were equipped to utilize ventilation as a passive method for cooling, while 5 were equipped to utilize radiation, 5 were equipped to utilize evaporation, and 2 were equipped to utilize soil as a passive method for cooling purposes (Fig. 7) . While windows were preferred as a passive method for lighting purposes in 40 of the examined buildings, 27 buildings were equipped with roof openings, 2 were equipped with light shelves, and 1 was equipped with special glasses for the same purpose (Fig. 8) . VI. EVALUATION In this study, 40 buildings were examined in order to determine Greece's bioclimatic architecture profile. In this context, the following aspects were evaluated: the distribution of bioclimatic buildings according to Greece's climatic regions; consideration of physical and built environmental parameters in these buildings; utilization ratios of passive methods used for heating, cooling, and lighting; and renewable energy sources that were actively utilized in these buildings.
This study revealed the importance of bioclimatic applications in creating energy-efficient buildings. It is also important in terms of setting an example for creating bioclimatic architectural profiles of other countries.
The high share of residential buildings in the distribution of Greece's bioclimatic buildings according to climatic zones can be attributed to the higher number of users that residential buildings have when compared to other types of buildings. Among the physical environmental parameters, climatic parameters were found to be highly influential. Other parameters had less significant effects, depending on land conditions. Among the parameters pertaining to the built environment, parameters such as envelope-insulation, ventilation system, and orientation of the building were found to have a higher influence on account of their convenient application. Water walls and roof pools were not used in any of the buildings; this was possibly due to the difficulties imposed by their application and aesthetic concerns. Cooling by means of ventilation was found to be widely preferred over other methods due to its ease of application. Passive methods such as light shutters, light tubes, heliostats, and prismatic systems were not used in any of the buildings, as they have yet to become widespread in line with the advances in technology.
